Introduction
Innovation Sandbox is a physical and programmatic environment where students of all academic levels and majors across the California Polytechnic State University at San Luis Obispo (Cal Poly) campus can come together to explore and develop their early-stage ideas. The goal is to stimulate creative play outside the traditional academic environment through a mix of formal and informal engagement. This space allows innovations from quick drop-in low resolution prototypes, to projects that are allowed to progress beyond the duration of a single classroom project or exercise. Decoupling innovation from a particular course or department into a true separated space increases student's ownership and accountability for the projects and is intended to facilitate interdisciplinary interaction. Content is driven by participants and oversight provided by student mentors who ensure that there is a low barrier to entry, assist with simple fabrication, facilitate connections with faculty and other campus resources, and provide design input to program participants.
Like many campus Innovation and Maker Spaces
1,2 , students from the College of Engineering were both early adopters and became the initial leaders and regular attenders. As the program expands both its scope and its reach throughout campus, students from the different colleges are getting more involved and are utilizing the resources of the program for an increasingly diverse set of projects. This technically grounded disciplinary diversity provides the atmosphere for creative collisions that do not typically occur in traditional curricular activities.
While the promise and popularity of university innovation spaces is not argued, assessment of the objectives and outcomes of these programs has not been extensively studied and initial publications on this topic are beginning to show that this is a topically relevant concern throughout educational institutions 1, 3, 4 . Not only is it difficult to perform assessment on voluntary, sporadic, and organic programs, but the disciplinary diversity also adds to the complexity of this task. This assessment, however, is of paramount importance for innovation spaces like the Sandbox to continue to justify the financial resources required to both build and maintain them. Developing assessment techniques that support the educational objectives of the stakeholders from across campus also is needed to fully understand the role of interdisciplinary activities and programming in the innovation process, and provides support for each stakeholder's accrediting process. Given this, we have established a framework based on ABET self-study methodology to evaluate the benefit of these spaces throughout diverse colleges or academic programs within a university that will subsequently be used for formal assessment techniques. While formal assessment is not yet reported due to the infancy of the Sandbox program, we believe the methodology presented here, which is guiding the beginning of our assessment processes, will be an aid to others in the community for how to not only be a resource that supports students across an entire campus but also a resource that supports the formal academic programs that make up university campuses.
Spaces for Making and Play: What, Why, Who, and Should We Care?
As we have reported on previously 5 , the Innovation Sandbox is focused on the "messy front end" of the innovation process, in which needs are explored in very qualitative ways with potential users and beneficiaries heavily utilizing brainstorming to conceptualize and develop simple prototypes that evolve into more functional solutions. Although this program shares some of the characteristics of a typical "Makerspace," it was established to be distinct from other student-centric shops. Infrastructure includes the requisite 3D Printers and similar tools for early physical ideation, but also "hackable" hardware which can link computer-controlled systems to users (e.g. Oculus Rift, a Myo Armband, a NeuroSky Brainwave Kit, Leap Motion Controller, Arduinos, Android & iOS-based hardware, etc). Approximately three thousand dollars is currently being allocated each year to acquire new technologies and demonstration equipment with that equipment specifically focused on allowing students to experience. While these technologies are available for students to use in projects if desired, we have found to date that the most common use is for individual students, and classes from across campus, to utilize these technologies to play and imagine. Fundamentally, Innovation Sandbox is a clubhouse where students across all majors and academic levels can meet to collaborate, explore modern technology and apply it to extremely broad topics. This is done in a space that also has tools for low resolution prototyping so that action and active imagination are colocated.
The Innovation Sandbox was developed under the Cal Poly Center for Innovation & Entrepreneurship (CIE). Unlike many university entrepreneurship centers which reside in a particular college, most commonly the college of business, the CIE resides outside of the colleges and is intended to be a center that serves the six colleges that make up Cal Poly (Agriculture Food and Environmental Science, Architecture and Environmental Design, Orfalea College of Business, Engineering, Liberal Arts, and Science and Mathematics). With the belief that interdisciplinary engagement and learning is a key contributor to innovative thinking, and with interdisciplinary work being more challenging to design into single college or department curriculum, structuring the CIE outside of the colleges was decided to be key for the program's success. Also, the CIE has consciously decided to embrace it's naming as a Center of Innovation AND Entrepreneurship as opposed to a Center of Innovation FOR Entrepreneurship. While providing support for students to take their ideas from concept to prototype to business is one of the functions of the center, the belief is that if all programming was structured with this singular goal, many early stage innovators would never start their innovation process because the concepts are too early to even formulate an entrepreneurial vision. Creative tinkering can lead students in directions that nobody would have predicted and burdening this time of intellectual play with expectations for entrepreneurship could stifle the creative spirit. Therefore, the Innovation Sandbox became a program supported by the CIE to give students a place for early tinkering, creative collisions, exposure to new technologies, and avenues for interdisciplinary student personal development. The expectation is that very few of the projects and programs that take place in the Sandbox will lead to entrepreneurial ventures, but that without the resource, some entrepreneurial ventures would likely never have been seeded. Early evidence of this is that in the two and a half years since its inception, the Sandbox has: -Provided the initial support for one team that has incorporated -Provided support to approximately five student led entrepreneurial ventures (not incorporated) -Served as the workspace for more than ten teams that entered our yearly innovative business competition and/or summer entrepreneurial accelerator While the intention for both the CIE and the Sandbox is to be a truly cross-campus resource, initial numbers show that the programming of both have been largely dominated by students from the colleges of engineering and business. Figure 1 shows the student participation from each of the six colleges for both the general programming of the CIE and the Sandbox in particular. While it is difficult to quantify these numbers exactly, for the Sandbox metrics including home college of program officers and student leaders, attendance at program meetings, and electronic usage records from hardware like the 3D printers were evaluated. For the CIE, participation and attendance across the various extra-curricular programs were utilized. It is clear from this figure that both the CIE and the Sandbox in particular still require adaptation of the programming and marketing to fulfill their mission to fully represent the entire student population of the university. In an attempt to address this, the Sandbox is currently working to move from a location that is located in a building within the College of Engineering to a college neutral and more visible site in the university library. This move will also come with an expansion of the space from a modest 550 sq. ft. to 2100 sq. ft. The space expansion will allow for duplication of some of the initial resources in anticipation of increased student demand and will allow for additional low resolution prototyping resources that are broadly accessible to students across campus. While this change of location will certainly help with visibility and is intended to address participation from students across campus, we continue not only to look to participation as the metric of success, but also need to formalize mechanisms for evaluating the impact of this program on student's disciplinary and interdisciplinary development. Therefore, we are expanding the work done previously in evaluating the Sandbox as a resource for engineering students and are looking more broadly at its potential impact across all colleges that encompass the university. The goal in this initial evaluation is to establish a process by which cross-curricular assessment of such spaces can take place in order to allow academic faculty and administration to evaluate and improve over time the impact of such programming.
Student Outcomes Across Disciplines and Methodology for Structuring Assessment
As previously reported, we developed a set of Program Educational Objectives (PEOs) for the Sandbox and then developed a set of Sandbox Student Outcomes (SSOs) based on these PEOs (see Fig. 2 ). Given that each particular college has their own PEOs or learning objectives, a starting point for understanding the interdisciplinary impact of the Sandbox is to evaluate the alignment of the SSOs to each colleges PEOs. This model is based on the ABET assessment learning cycle as shown in Figure 3 .
The first step in this process was to identify the PEOs of each of the particular colleges. In this paper we outline only those colleges that had college wide PEOs (Agriculture Food and Environmental Science, Business, Engineering [reported previously], and Liberal Arts). Two of the other colleges (Architecture and Environmental Design, and Science and Mathematics) defined PEOs at the level of individual majors and while this same methodology can easily be expanded to include an analysis for those programs, the number of majors was too exhaustive to report on here.
Innovation Sandbox Program Educational Objectives:
Innovation Sandbox participants will:
I Demonstrate a curiosity that leads to self-initiated creative and innovative problem solving.
II Understand methods for communicating complex concepts that leads to a greater willingness to engage and lead in situations involving uncertainty.
III
Embrace interdisciplinary problem solving and communication with an appreciation for varied points of view, backgrounds, and skill sets.
IV
Demonstrate an appreciation and thirst for areas of technology innovation beyond those of the participants given discipline.
Innovation Sandbox Student Outcomes:
1 An ability to understand technology trends and the intersection with societal trends.
2 An ability to communicate to a wide audience using appropriate technical vocabulary. 3 An ability to articulate project goals and build an appropriate team.
4
An ability to physically realize early ideas through appropriate physical and digital prototypes. 5 An ability to apply discipline skills in highly interdisciplinary projects. 6
An ability to develop ideas and identify and communicate value creation. 7 A respect for diverse viewpoints.
8
A recognition of the need for, and an ability to engage in, learning and teaching complex concepts throughout ones career. We have found this mapping process to be helpful for multiple reasons including:
1) Taking time to define PEOs and SSOs for an Innovation or Maker Space has the benefit of providing a solid platform for evaluating the many ideas directions for development and expansion for a program without a strong centralized leadership. 2) Structuring a model for programmatic assessment is particularly helpful when communicating with senior administration regarding funding for continued sustainability and growth of the program. 3) Programmatic assessment of extracurricular interdisciplinary activity that supports the academic accreditation of the individual colleges can lead to enhanced ownership of the program even if it lies outside of the specific college's charter. 4) Assessment of alignment of objectives provides a framework for self-reflection and improvement which is critically important for a loosely managed program and resource. In reviewing this initial mapping, it is informative to evaluate the Sandbox SSOs that are most strongly correlated to the individual learning objectives of the different colleges. By definition, each of the colleges chooses to focus on different areas of educational development and therefore prioritizes student objectives differently. In figure 8 , we show the percentage of each college's learning objectives that were mapped by each of the distinct Sandbox SSOs. For instance, if a particular Sandbox SSO mapped to only one of the college level PEOs, the percentage is one divided by the total number of college level
PEOs. In the figure we have highlighted in green the Sandbox SSOs that were most strongly correlated to each college's PEOs. It is interesting to note how the various colleges' strongest correlations show very little overlap, with each college having its unique orientation to a different Sandbox SSO. While this should not necessarily be a surprise, and many would claim that this is a primary goal of these Innovation and Maker spaces on university campuses, this mapping exercise that is tied to academic evaluation and assessment processes provide support for the claims of these spaces. This finding is key for formulating follow-on assessment activities as it both supports the notion that interdisciplinary activities are critical in supporting the full range of the innovation process, but also points to the challenges faced in building innovation into traditional academic curriculum. Because extra-curricular activities like the Sandbox are much easier to start on a university campus compared with formal curriculum, and can serve as important prototypes for future curriculum, the findings of the follow-on assessment will be important as we investigate the benefit of, and ways to implement portions of the Sandbox programming into formal curriculum. In addition, some of the Sandbox SSOs don't show strong correlation with any of the college level PEOs and can lead to reassessment by the program staff over whether these SSOs should continue to be prioritized. 
Percent of Individual Colleges

Conclusion
A process for structuring and focusing assessment for a cross-campus interdisciplinary extra-curricular program like the Innovation Sandbox has been described in this paper. The process was established to serve as a tool to legitimize the activity within a curricular framework, support the colleges with their independent accreditations, and validate the investment being made to organize such a program with university resources. While this paper does not describe or present measured outcomes of the program, the program now in its third year, is stabilizing and reaching a critical mass that enables proper assessment. The framework established here will serve as the pedagogical basis for structuring these studies moving forward and can provide the broader audience a framework for assessing interdisciplinary extra-curricular activities like Innovation and Maker Spaces. The framework also provides a useful method to prioritize assessment activities for communication with each of the diverse colleges within the university.
The design of the Innovation Sandbox while similar to traditional Makerspaces, was intended to differ by providing an important facility, technological experiences, and programmatic opportunity for students across campus to play outside the confines of their curriculum. While these spaces are currently very popular, they are still expensive to start and maintain in an era of extremely limited resources and our expectation is that funding will become increasingly difficult when the novelty of the Maker movement fades. Therefore, establishing concrete methods for assessing the benefits of such programs and linking these benefits to the academic mission of the university and its individual colleges is crucial for maintaining broad support and sustainable program viability.
